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ABSTRACT: Supercooling points were measured for multiple queen colonies of the red

imported fire ant, Solenopsis invicta, from Lubbock. Texas. Ten minor workers from each of

three marked field colonies and from one colony held at constant conditions in the laboratory
were tested at two week intervals from 1 4 October 1 985 to 1 7 February 1 986. Supercooling
abilities of field specimens differed markedly from those of laboratory specimens. Significant
differences among mean supercooling temperatures of ants in the field were found among
sampling periods, but not among colonies. The maximum difference over time among sample
mean supercooling points was less than 2 C. and the lowest mean supercooling point was

slightly higher than -6C.

We first became aware of the presence of red imported fire ants in

Lubbock, Texas, during August 1985. when homeowners from a single
subdivision reported colonies which apparently had been present for

several years. This information was of immediate interest because
Lubbock, at 33. 5o N latitude, then represented the extreme northwestern
record of Solenopsis invicta Buren. Furthermore, at 980 melevation the

Lubbock population is among the highest on record in the U.S.A.
Winter-kill has been cited as an important limiting factor in the

northward spread of introduced fire ants (Moody et al. 1981). The ultimate

distributional limits of the introduced fire ants in the U.S. A are thought to

be linked to cold-hardiness (Francke and Cokendolpher 1986. Francke et

al. 1 986 and citations therein). One prediction of the ultimate range of this

species in Texas excluded the Panhandle area north of the -
1 8C minimum

temperature isotherm because of low winter temperatures in that area

(Pimm and Bartell 1980 and citations therein). Lubbock County is located

at the base of the Texas Panhandle, along the - 1 8 C minimum temperature
isotherm, and therefore is an ideal position for researchers to examine cold-

hardiness of S. invicta and its ability to survive winter conditions.

Cold-hardiness in insects may be divided into three general categories:

(1) cold- acclimation and acclimatization, (2) supercooling, and

(3) freezing-tolerance (Salt 1961). Cold-acclimation/acclimatization

require some tolerance or physiological preparation to avoid injury at
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temperatures too low for continued growth. Weherein refer to short-term,

physiological adjustments in the laboratory as acclimation and those

occurring naturally in the field as acclimatization. The ability to supercool
is an adaptation in which insects avoid injury by resisting the freezing

process. If the organism is able to withstand bodily freezing, it is described

as being freeze-tolerant.

Previous work with laboratory colonies of North American fire ant

species revealed no significant differences among mean supercooling
temperatures of Solenopsis aurea Wheeler, S. richteri Forel, and S. xyloni
McCook within the minor caste (Francke et al. 1986). Neither was a

significant difference found between Solenopsis invicta and S. geminata
(Fabricius), but the two species were significantly different. From the same
study the following generalizations were made: (1) worker ants have a

slightly lower supercooling point than do reproductives, (2) within a given

species, immature ants have lower supercooling points than do adults, and

( 3 ) pupae have lower supercooling temperatures than do larvae. The effects

of acclimation on the freezing point of S. invicta were tested by maintaining

major, medium, and minor workers at each of three temperatures: 1 2, 22,
and 32C. No significant differences were noted among treatments, nor in

the interactions between castes and treatments, but significant differences

were found among castes. However, nothing was previously known of the

acclimatization abilities of S. invicta. Therefore, we investigated the

supercooling abilities of red imported fire ants in a field situation during the

fall and winter months.

MATERIALSANDMETHODS

The same equipment and procedures reported by Francke et al. ( 1986)
were used to measure supercooling points (lowest body temperature
reached before spontaneous freezing). Following those procedures the

temperature of the ants decreased by approximately 5C per minute. At
two week intervals, from 14 October 1985 until 17 February 1986, we
collected 1 minor workers from each of three designated mounds and

determined their supercooling points immediately upon returning to the

laboratory. Experiments were concluded by March because the ants were

poisoned in an effort to control their spread in Lubbock. Ten samples were

taken during the 1 8 week period. The previous study (Francke et al. 1 986),
demonstrated that supercooling abilities differ among caste members.
Therefore, we used minor workers in the present experiments because they
were reported to have the lowest supercooling points among adults tested.

Supercooling points of 10 minor workers, from a laboratory colony
previously (September 1985) removed from the field locality, were
determined at two week intervals until 3 February. The laboratory colony
was maintained with the same food, light, and temperature regimens used
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by Francke et al. ( 1 986). Direct observations of the laboratory colony and

numerous other colonies collected from the study site revealed the Lubbock

population to be composed of multiple queen colonies.

RESULTSANDDISCUSSION

No significant differences were found among mean supercooling points

from the three field colonies using a one-way analysis of variance [F(2,

297)
=

0.45, p>0.05]. Analysis of covariance confirmed this finding but

revealed significant differences among samples taken throughout the season

[F(l,294
=

115.38, p<0.05]. The mean supercooling temperature
standard error for each sampling period is shown in Fig. 1 . The data seem to

show oscillatory changes in the supercooling points over the 18 week

period, and there does not appear to be monotonic acclimatization in minor

workers of S. invicta. The maximum difference between mean supercooling

temperatures is less than 2C, and the minimum individual supercooling

temperature recorded was -7.6C.
Tne mean supercooling points standard errors for minor workers from a

laboratory colony are shown in Fig. 2. The reasons for the large standard

errors are not immediately apparent. Diet may be a factor; the laboratory

colony was supplied with cockroaches, mealworms, and water. Temperature
and photoperiod may also affect the supercooling point. The laboratory

colony was kept in complete darkness at a constant 22C, whereas the field

colonies experienced normal photoperiods and fluctuating temperatures.

These comparisons are interesting; but because the primary goal of this study
was to observe changes of mean supercooling points in field colonies over

time, no further investigation of the laboratory colony was pursued.

Like Francke and Cokendolpher (1986) and Francke et al. ( 1986), we
noted no ants that survived freezing, and therefore, freeze-tolerance as a

possible overwintering mechanism in S. invicta was excluded.

In summary, the following points are important: ( 1 ) differences among
supercooling abilities of ants in the field were noted among samples over

time, but not among colonies, (2) differences among sampling periods might
not be due to acclimatization, (3) the mean supercooling points for field

colonies varied less than 2C from October through February, but never fell

below -6C, and (4) supercooling abilities of the red imported fire ant are

altered in the laboratory.
Recent soil temperature measurements (Harlan Thorvilson et al.,

unpub. data) obtained in the immediate vicinity of the field colonies indicate

that the temperature at a depth of 30 cm between 6 January and 20

February 1986 never fell below 4C. If the supercooling temperature of S.

invicta is the primary measure of cold-hardiness, such a soil temperature
would cause little mortality.
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Fig. 1 . Mean freezing points standard errors of minor workers otSolenopsis invicta in field

samples from Lubbock, Texas.



Vol. 98, No. 4, September & October 1987 157

-



158 ENTOMOLOGICALNEWS

ACKNOWLEDGMENTS

We thank Sherman Phillips, Robert W. Sites, and Harlan Thorvilson of Texas Tech

University for their comments on the manuscript. This study was supported by the Texas

Department of Agriculture Interagency Agreement IAC (86-87 )-0800 and is Contribution

No. T-10-175, College of Agricultural Sciences, Texas Tech University.

Current addresses or authors: SWT: Division of Biological Sciences, the University of

Texas at Austin, Austin, Texas 78712. OFF: Crown Cork de Mexico, S.A., 134 Poniente

No. 583, Col. Industrial Vallejo, Mexico 16, D.F.

LITERATURE CITED

Francke, O.F. and J.C. Cokendolpher. 1986. Temperature tolerances of the red imported
fire ant. pp. 104-1 13. In: Lofgren, C.S. and R.K. Vander Meer (eds) Fire ants and leaf-

cutting ants: Biology and management. Westview Press, Boulder, 435 pp.

Francke, O.F., J.C. Cokendolpher, and L.R. Potts. 1986. Supercooling studies on North

American fire ants (Hymenoptera: Formicidae). Southwest. Nat. 31:87-94.

Moody, J.V., O.F. Francke, and F.W. Merickel. 1981. The distribution of fire ants,

Solenopsis (Solenopsis) in western Texas (Hymenoptera: Formicidae). J. Kansas
Entomol. Soc. 54:469-480.

Pimm, S.L. and D.P. Bartell. 1980. Statistical model for predicting range expansion of the

red imported fire ant, Solenopsis invicta, in Texas. Environ. Entomol. 9:653-658.

Salt, R.W. 1961. Principles of insect cold-hardiness. Annu. Review Entomol. 6:55-74.

OFFICIAL LISTS ANDINDEXES OF NAMESANDWORKSIN ZOOLOGY

A revised and updated edition of the Official Lists and Indexes of Namesand Works in

Zoology has now been published. For the first time all the names and works on which the

International Commission on Zoological Nomenclature has ruled since it was set up in 1895

are brought together in a single volume. Entries are arranged in four sections giving in

alphabetical order the family-group names, generic names, specific names and titles of works

which have been placed on the Official Lists or the Official Indexes. There are about 9,900

entries of which 1 34 are for works. In addition, there is a full systematic index and a reference

list to all relevant Opinions and Directions. The volume is 366 pages, size A4, casebound.

Copies can be ordered from:

The International Trust for Zoological Nomenclature, c/o British Museum(Natural History),

Cromwell Road, London SW75BD, U.K. Price 60 or $1 10

or

The American Association for Zoological Nomenclature, c/o NHBStop 163, National

Museumof Natural History, Washington D.C. 20560, U.S.A. Price $ 1 10 ($100 to members

of A.A.Z.N.)


